Review
Research on alcohol consumption among women in the Region of the Americas has primarily focused on Canada and the United States of America, and less on Central and South America and the Caribbean. Nevertheless, alcohol consumption among women in these areas remains problematically high compared to the world average. According to the Global Status Report on Alcohol and Health (1) , in 2010 the highest per capita consumption of pure alcohol among women (defined as 15+ years of age) in Central America was in Panama (4.7L), Costa Rica (3.2L), and Mexico (2.6L); in South America, Chile (5.5L), Argentina (5.2L), and Paraguay (5.2L); and in the Caribbean, Grenada (7.3L), Saint Lucia (5.9L), and Saint Kitts and Nevis (4.7L). Notably, in the same year, women in most of the countries (78%) in Latin America and the Caribbean (LAC) had higher pure alcohol per capita consumption (APC) than the global average APC for women (2.7L) (1) . Furthermore, in 2010 the highest prevalence rates of heavy episodic drinking (≥ 60mL of pure alcohol on at least one occasion monthly) among women in Central America were in Guatemala (14.2%), El Salvador (13.6%), and Nicaragua (6.6%); in South America, Paraguay (41.0%), Venezuela (21.8%), and Brazil (11.1%); and in the Caribbean, Saint Kitts and Nevis (33.1%), Dominica (29.6%), and Trinidad and Tobago (24.4%) (1) . The majority of these figures are significantly higher than the global prevalence of Review Langeetal.
•Alcoholconsumptionduringpregnancy heavy episodic drinking among women drinkers, which was 5.7% in 2010 (1) . These data demonstrate that not only are women in LAC drinking at high rates, but many of them are engaging in risky drinking patterns. As such, it is likely that some women may continue to drink during pregnancy or before becoming aware of a pregnancy. Furthermore, a recent study found LAC to have the highest proportion of unintended pregnancies (56%), while other regions, i.e., Africa, Asia, Europe, North America, and Oceania, ranged from 35% to 51%; the worldwide average being 40% (2) . Coupled with the relatively high rates of alcohol consumption and risky drinking patterns, this may lead to an increased risk of alcohol-exposed pregnancies in these countries.
It is a well-known fact that alcohol is a teratogen that can cause significant harm to a developing fetus. Worldwide, the majority of clinical guidelines advocate that women who are pregnant or planning to become pregnant should abstain from alcohol due to potential adverse health consequences, which could include spontaneous abortion, stillbirth, intrauterine growth retardation, low birth weight, preterm labor, birth defects, and Fetal Alcohol Spectrum Disorder (FASD) (3) (4) (5) (6) (7) (8) . FASD encompasses a broad array of physical defects and cognitive, behavioral, emotional, and adaptive functioning deficits, as well as congenital anomalies. The effects of alcohol on the fetus are permanent, and as such, many people with FASD require lifelong support, resulting in a significant cost to society (9, 10) .
There is a general paucity of research on the prevalence of FASD in LAC countries. Few studies have reported the prevalence of Fetal Alcohol Syndrome (FAS; the most severe and visibly identifiable form of FASD) in South America. Specifically, it has been reported to be 0.1% among the general population of Brazil and Uruguay (11, 12) . However, the prevalence of FAS and partial FAS among children in care in Chile has been reported to be much higher: 15% among those in foster homes (13) , and 16% among those in child welfare custody and homes for those with mental deficiencies (14) . A study of 103 children living in the United States who were adopted from Guatemala found that 28% had the phenotypic facial features suggestive of prenatal alcohol exposure (15) .
The objective of the current study was to estimate the prevalence of alcohol consumption (any amount) during pregnancy among the general population of LAC.
MATERIALS AND METHODS
In order to estimate the prevalence of alcohol consumption (any amount) during pregnancy among the general population of LAC, 3 three steps were taken: (i) a comprehensive systematic literature search; (ii) meta-analyses based on the existing studies; and (iii) regression modelling (data prediction) for countries with either no published studies or too few to obtain an estimate.
Comprehensive systematic literature search
Study selection. Study selection began by screening the titles and abstracts of studies for inclusion. Then, full-text articles of all studies screened as potentially relevant were considered. The following inclusion criteria were then applied to determine eligibility: (i) consisted of original quantitative research published in a peer-reviewed journal or scholarly report (i.e., a report written by scholars/professionals who are experts in the field of alcohol use during pregnancy and published on an institutional/government website); and (ii) measured the prevalence of alcohol consumption during pregnancy among the general population in any country in Latin America or the Caribbean. Articles were excluded if they (i) excluded abstainers from their samples (which would lead to an inflated estimate), or (ii) reported a pooled estimate of alcohol use during pregnancy by combining several studies. Regarding the latter exclusion criterion, the primary studies were included. Two investigators conducted each study selection step independently; any disagreements were reconciled by team discussion. In cases where multiple studies used the same dataset or cohort, the study with the larger sample size was included.
Data extraction. All data were extracted by one investigator, and then independently crosschecked by a second investigator for accuracy against the original studies. The following variables were extracted: country; study year(s); timing of data collection; sample size; setting; sociodemographic status, i.e., income, education, occupation/employment status, marital status; instrument used to obtain alcohol use data; percentage of women who consumed alcohol, binge drank, used drugs, and/or smoked during pregnancy; as well as the number of previous pregnancies, number of previous live births, and percentage of unplanned pregnancies (for the index pregnancy). Using a checklist for observational studies developed a priori based on the criteria described and validated in Wong and colleagues (18) , two investigators independently appraised the quality of each study. The following criteria were used: (i) representativeness of the sample (i.e., used probability or non-probability sampling); (ii) adequate sample size (≥ 300 participants); (iii) utilization of a validated tool to ascertain alcohol use during pregnancy, e.g., the Alcohol Use Disorders Identification Test-Consumption (AUDIT-C; 19), CRAFFT screening interview (20) , and 4P's Plus screen (21) ; (iv) adequate response/participation rate (≥ 60%), and (v) whether or not the study subjects were described. All discrepancies in quality ratings were reconciled by team discussion. Inter-rater agreement for inclusion and quality assessment was assessed using Fleiss's kappa statistics (22) . Training of coders to achieve sufficient (> 0.80) inter-rater reliability was conducted.
Meta-analyses
A meta-analysis was performed for each country where at least three estimates of the prevalence of alcohol consumption during pregnancy were available. The criterion of three estimates was chosen in order to reduce the chance of presenting biased estimates that were not generalizable. In cases where a study reported the prevalence of alcohol consumption during pregnancy by (i) the time at which alcohol consumption was measured, or (ii) the trimester of alcohol consumption, (iii) awareness of pregnancy (i.e., before and after pregnancy recognition), or by (iv) method of ascertainment (e.g., medical chart and questionnaire), preference was given to studies that: (i) assessed alcohol consumption soon after delivery (within 6 weeks postpartum), (ii) reported the prevalence of alcohol consumption during the course of the entire pregnancy (as opposed to just in the first trimester, for example), (iii) assessed alcohol consumption after pregnancy recognition, and (iv) used a validated tool for ascertainment of alcohol consumption.
The prevalence estimates underwent a double arcsine transformation so that the data followed a normal distribution, an assumption needed when statistically combining estimates (23) . In each case, in order to combine prevalence estimates, the meta-analysis was conducted using a random-effects model (24) . Heterogeneity between double arcsine-transformed estimates of drinking during pregnancy was assessed using the I 2 statistic (25). Publication bias was examined by visually inspecting the funnel plot (standard error plotted against the point estimate) for a skewed distribution and by employing Egger's regression test for smallstudy effects (26) .
Data prediction
For the countries with either no published data or fewer than three published studies on the topic, prevalence estimates were predicted using prevalence data of more than 300 studies from 50 countries (i.e., data were not limited to the Americas; 27). A fractional response regression model was employed to restrict predictions to values between 0 and 1 (28) . Country-and year-specific explanatory variables were gross domestic product (adjusted for purchasing power parity) per capita (29) , mean total consumption of alcohol among women (1) , and the WHO Region within which the country was located. If study year(s) was not reported, the year of publication was used. If the study was conducted across 2 or more years, a value for each of the explanatory variables was calculated as the average of the value from the study's start year to that of its end year. Total mean alcohol consumption among women was estimated as the proportion of the total amount of alcohol consumed in the respective country that was consumed by women in 2010/2012 (1). In order to account for the heterogeneity within the Region of the Americas and the European Region, particularly with respect to income level and drinking culture, these regions were divided by income level (for Europe: countries that belong to the European Union versus countries that do not; and for the Americas: Canada and the United States versus the remaining countries).
Predictions were based on the values of the above named explanatory variables for the year 2012. In order to be conservative, the confidence interval (CI) for each estimate was based on the standard deviation of the prediction. All statistics were performed using R version 3.1.0 (R Development Core Team, Vienna, Austria).
RESULTS

Comprehensive systematic literature search
Initially, the search yielded a total of 956 publications for LAC countries; 954 articles identified through the electronic search, and two through the manual search. After removing 542 duplicate articles, the remaining 414 articles were screened using titles and abstracts. The full-texts of 87 articles were retrieved for further consideration, 63 of which were subsequently excluded. A total of 24 articles (all from peer-reviewed journals) contained relevant data and were retained for data extraction. Inter-rater agreement for inclusion and quality assessment was excellent (κ = 0.96 and κ = 0.93, respectively). Data from published studies on the prevalence of alcohol consumption during pregnancy were available from 5 of the 33 countries in LAC (Brazil, n = 17 (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) ; Chile, n = 2 (47, 48); Guatemala, n = 1 (49); Mexico, n = 3 (50-52); and Uruguay, n = 1 (53); there were no studies of the Caribbean).
All of the included studies presented data on self-reported alcohol consumption during pregnancy. The characteristics of the participants (e.g., sociodemographic characteristics) in each study are available from the authors upon request.
In regard to study quality, 88% used non-probability sampling and only 13% utilized a validated tool to ascertain alcohol use. However, 96% of the studies described their study participants, 92% had an adequate sample size, and 54% had a reasonable participation rate (quality ratings of the included studies are available from the authors upon request).
Prevalence reported by individual studies
Overall, the prevalence of alcohol consumption during pregnancy among the general population in the 24 identified studies ranged from 0.4% in Mexico (50) to 57.4% in Chile (47; Table 1 ). Only three studies reported the prevalence of 
Meta-analyses
It was only possible to conduct a meta-analysis for Brazil and Mexico, based on the criterion of three available studies per country. The pooled prevalence of alcohol consumption during pregnancy among the general population in Brazil was estimated to be 15.2% (95%CI: 10.4%-20.8%), and contained estimates ranging from 1.8% (46) to 40.6% (40; Figure 1) .
The pooled prevalence of alcohol consumption during pregnancy among the general population in Mexico was estimated to be 1.2% (95%CI: 0.0% -2.7%), and contained estimates ranging from 0.4% (50) to 2.4% (52; Figure 2 ).
The tests of heterogeneity demonstrated that heterogeneity was present in the estimates of alcohol consumption during pregnancy (I 2 = 99.4% for Brazil and I 2 = 89.1% for Mexico). We did not find evidence for the presence of publication bias in these meta-analyses (P = 0.326 for Brazil and P = 0.370 for Mexico).
Data prediction
The prevalence of alcohol consumption during pregnancy was predicted for 31 countries with either no published data or fewer than three studies available. The three countries with the highest predicted prevalence of alcohol consumption during pregnancy among the general population were Grenada (23 Table 2 ). The three countries with the lowest predicted prevalence of alcohol consumption during pregnancy among the general population were Cuba (4.8%, 95%CI: 4.2%-5.4%), Trinidad and Tobago (5.6%, 95%CI: 4.8%-6.5%), and Guatemala (6.5%, 95%CI: 5.6%-7.4%; Table 2 ).
The prevalence of alcohol consumption during pregnancy among the general population appears to be the highest in countries of the Caribbean and South America-61.5% of Caribbean countries and 75.0% of South American countries had a prevalence greater than or equal to 10%, compared to 25.0% in Central America (Figure 3) . 
DISCUSSION
The prevalence of alcohol consumption during pregnancy among the general population of the Caribbean ranged from 4.8% in Cuba to 23.3% in Grenada; in Central America, from 1.2% in Mexico to 11.7% in Panama; and in South America, from 8.8% in Uruguay to 18.2% in Guyana. Overall, our findings show a relatively high prevalence of alcohol consumption during pregnancy among the general population in some LAC countries, with 18 countries having an estimated prevalence of greater than or equal to 10%. Although some LAC countries have clinical guidelines that advise women to abstain from alcohol during pregnancy-Brazil (54, 55), Chile (56, 57), Cuba (58) , and Mexico (59)-and may explain lower prevalence rates (in Cuba and Mexico), there is still an urgent need to educate both men and women of childbearing age on the detrimental consequences of consuming alcohol during pregnancy.
The high prevalence of alcohol consumption during pregnancy in some LAC countries could potentially be reflective of the pervasive alcohol marketing to women and the thriving alcohol industries that exist. For example, Chile is ranked among the top 10 wine-producing countries in the world, and several other South American countries have impressive beer-production industries, including Brazil, which ranks among the top five worldwide (60) .
However, some of the identified studies report an unrealistically high prevalence of alcohol consumption during pregnancy among the general population. For example, the prevalence reported for Chile (57.4%; 47) and Uruguay (53.9%; 53) are notably higher than the estimates predicted for these countries (10.6%; 95%CI: 9.1%-12.2%, and 8.8%; 95%CI: 7.6%-9.9%, respectively). These reported prevalence rates also approach, and in the case of Uruguay exceed, the prevalence of current female drinkers (15+ years of age) among the general population in these countries (approximately 59% in Chile and 48% in Uruguay; 61). As such, the predicted prevalence of alcohol consumption during pregnancy is much more realistic for those countries with fewer than three available studies.
Furthermore, a recently published study from Argentina reported an alarmingly high prevalence, with 75% of women in the general population consuming at least one drink (10mL -12mL) of alcohol during their pregnancy (62) . However, according to Pan American Health Organization, only 48% of females in the general population of Argentina currently consume alcohol (61) . Therefore, the predicted prevalence for Argentina (12.9%; 95%CI: 11.1%-14.7%) is more reasonable. Similarly, a study utilizing meconium testing in Montevideo, Uruguay, reported that 43.5% of samples tested positive for fatty acid ethyl esters above standard cut-off levels (i.e., 2 n mol/g) among women from lowand mid-to-low socioeconomic levels (63) .
The comprehensive search strategy, a priori inclusion and exclusion criteria, and statistical analysis are notable strengths of the current study. Additionally, studies with sample composed of participants with low socioeconomic status or high-risk behaviors (e.g., all smokers) were excluded from the current study; thus, the generalizability of the findings to the general population is strengthened.
Limitations
A few limitations should be noted. First, the majority of studies included in the current analysis utilized non-probability sampling and did not use validated tools to ascertain alcohol consumption during Review Langeetal.
•Alcoholconsumptionduringpregnancy pregnancy. However, recent research shows that non-probability sampling techniques (e.g., convenience sampling) can be a suitable sampling strategy when exploring exposures during pregnancy (64) . Also, it has been shown that a single question can detect as many (if not more) women who drink as other commonly used prenatal screens (65) . Second, data on alcohol consumption during pregnancy were obtained through self-reported measures; therefore, reporting and recall biases may be present. As such, the prevalence of alcohol consumption during pregnancy may be underestimated in the current study. Third, the predicted prevalence values may differ from the true prevalence for a few reasons, namely: (i) data from which the values are predicted are not flawless, (ii) there may be other factors influencing the prevalence (e.g., different health and alcohol policies in different countries) that were not possible to take into account in the prediction model, and (iii) the ecological predictors may not allow for a precise estimate of the prevalence of alcohol consumption during pregnancy in the respective country. Despite these limitations, this study used the best available data and provides a working estimate of the prevalence of alcohol consumption during pregnancy in countries of LAC that do not currently have actual data. When data becomes available, further research can refine these estimates over time.
Conclusions
Data on the prevalence of alcohol consumption during pregnancy in countries of Latin America are scarce, and in the Caribbean, are completely absent. As such, there is an urgent need for high quality studies to be conducted in countries of LAC. Regardless, this study's findings point to the fact that measures are needed to deter pregnant women from consuming alcohol, and thus, reduce the occurrence of prenatal alcohol exposure and FASD. As prevention is key, educating women of childbearing age about the potential adverse consequences is of utmost importance.
When an infant with FASD is born, it is imperative that the mother receive substance abuse treatment. Treatment will reduce the chances of subsequent children with FASD, and increase the likelihood that the affected child and mother will be routinely monitored. Therefore, substance abuse treatment programs should be geared toward women of childbearing age with alcohol use disorders to prevent FASD occurrence/reoccurrence. Furthermore, alcohol marketing and promotion targeting female adolescents and women of childbearing age should be banned or strictly regulated by governments. Alcohol producers, distributors, and sellers should voluntarily discontinue such marketing, thereby potentially helping to reduce alcohol-related harm in children.
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